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THIN FILM MAGNETIC HEAD, METHOD OF
MANUFACTURING THE SAME AND MAGNETIC
RECORDING APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a thin film mag-
netic head comprising at least an inductive magnetic trans-
ducer for recording, a method of manufacturing the thin film
magnetic head, and a magnetic recording apparatus com-
prising the thin film magnetic head.

[0003] 2. Description of the Related Art

[0004] In recent years, an improvement in performance of
a thin film magnetic head which is mounted in a magnetic
recording apparatus (for example, a hard disk drive) has
been sought in accordance with an increase in the areal
density of a magnetic recording medium (such as a hard
disk; hereinafter simply referred to as “recording medium”).
As recording systems of the thin film magnetic head, for
example, a longitudinal recording system in which a signal
magnetic field is oriented in an in-plane direction (a longi-
tudinal direction) of a recoding medium and a perpendicular
recording system in which a signal magnetic field is oriented
in a direction perpendicular to a surface of the recording
medium are well known. At present, the longitudinal record-
ing system is widely used, but in consideration of market
forces in accordance with an improvement in areal density,
it is assumed that the perpendicular recording system instead
of the longitudinal recording system holds promise for the
future, because the perpendicular recording system can
obtain advantages that higher linear recording density can be
achieved and that a hard disk on which information has been
already recorded has resistance to thermal decay effects.

[0005] The perpendicular recording system thin film mag-
netic head comprises a thin film coil generating a magnetic
flux, and a magnetic pole layer emitting the magnetic flux
generated in the thin film coil to a recording medium to
perform recording. In general, the magnetic pole layer
extends from a recording-medium-facing surface (an air
bearing surface) which faces the recording medium to the
rear, and has a planar shape which includes a uniform width
region with a uniform width determining a recording track
width of the recording medium and a widening region with
a width larger than that of the uniform width region. A
position where the width of the magnetic pole layer expands
from the uniform width region to the widening region is
called “flare point”. In the thin film magnetic head of this
kind, when a current flows through the thin film coil, a
magnetic flux for recording is generated in the thin film coil.
Then, when the magnetic flux is emitted from the magnetic
pole layer to the recording medium, the recording medium
is magnetized by a magnetic field (a perpendicular magnetic
field) for recording generated by the magnetic flux, thereby
information is magnetically recorded on the recording
medium.

[0006] As the structure of the perpendicular recording
system thin film magnetic head, some modes have been
proposed.

[0007] More specifically, for example, a thin film mag-
netic head in which a facing surface facing a recording
medium in a magnetic pole layer has a substantially trap-
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ezoidal shape to prevent the effect of side fringing due to a
skew is known (for example, refer to Japanese Unexamined
Patent Application Publication No. 2002-197613). In the
thin film magnetic head, a magnetic pole layer includes two
magnetic structures which are separately formed, that is, a
main magnetic pole layer which determines a uniform width
region and a yoke layer which determines a widening region,
and in particular, a rear portion of the main magnetic pole
layer is partially covered with the yoke layer.

[0008] Moreover, for example, a thin film magnetic head
in which a main magnetic pole layer is formed through
growing a plating film on a yoke layer, and a front end
surface of the yoke layer is inclined or curved to effectively
flow a magnetic flux from the yoke layer to the main
magnetic pole layer is known (for example, refer to Japanese
Unexamined Patent Application Publication No. 2002-
197611). In the thin film magnetic head, like the above-
described thin film magnetic head, a magnetic pole layer
includes the main magnetic pole layer and the yoke layer
which are separately formed, and in particular, the main
magnetic pole layer is partially overlapped on the yoke layer.

[0009] Further, for example, a thin film magnetic head in
which a non-magnetic layer is disposed on a main magnetic
pole layer to control the thickness and the width of the main
magnetic pole layer is known (for example, refer to Japanese
Unexamined Patent Application Publication No. 2002-
197609). In the thin film magnetic head, like the above-
described thin film magnetic head, a magnetic pole layer
includes the main magnetic pole layer and a yoke layer
which are separately formed, and in particular, the main
magnetic pole layer is partially overlapped on the yoke layer.

[0010] Further, for example, a thin film magnetic head in
which a magnetic pole layer is formed so that the cross
sectional area of the magnetic pole layer is gradually
reduced toward an air bearing surface, and a front end
portion (pole tip) of the magnetic pole layer is disposed
closer to a leading side than a plane including a trailing edge
of the pole tip in order to improve a magnetic field gradient
is known (for example, refer to Japanese Unexamined Patent
Application Publication No. 2003-036503). In the thin film
magnetic head, the magnetic pole layer is formed so as to
include a main pole and the pole tip which are separately
formed, and in particular, the pole tip is partially laid on the
main pole.

[0011] In order to improve reliability of the perpendicular
recording system thin film magnetic head and put the thin
film magnetic head into widespread use, for example, it is
important to establish a manufacturing technique which
enables to manufacture a thin film magnetic head with as
high performance as possible.

[0012] More specifically, firstly, for example, in order to
control the recording track width of a recording medium
with high precision on the basis of the magnetic pole layer
which performs recording, it is required to form the mag-
netic pole layer as precisely as possible. In this case, in
particular, it is important to form a portion corresponding to
the uniform width region which substantially determines the
recording track width with high precision.

[0013] Secondly, for example, in order to stably perform
recording in the magnetic pole layer, it is required to
increase the amount of the magnetic flux contained in the
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magnetic pole layer as much as possible. In this case, it is
important to sufficiently and smoothly flow the magnetic
flux from a portion corresponding to the widening region
which contains the magnetic flux to a portion corresponding
to the uniform width region which emits the magnetic flux
in the magnetic pole layer.

[0014] Thirdly, for example, in order to stably maintain
information recorded on the recording medium, it is required
to prevent the recorded information from being erased
without intention due to the magnetic flux contained in the
magnetic pole layer to the utmost. In this case, in particular,
it is important to reduce the amount of the magnetic flux
emitted from a portion of the magnetic pole layer corre-
sponding to the widening region which normally does not
emit the magnetic flux without intention.

[0015] Although a promising technique of manufacturing
a thin film magnetic head on the above-described three
points has been in demand, conventional techniques of
manufacturing a thin film magnetic head do not sufficiently
meet requirements on the three points, so techniques of
manufacturing a thin film magnetic head are still susceptible
to improvement. Specifically, in consideration of today’s
technical background in which the areal density of the
recording medium is increased at an accelerating rate, it is
urgently required to establish a technique of manufacturing
a thin film magnetic head which can obtain sufficient advan-
tages on the above-described three points.

SUMMARY OF THE INVENTION

[0016] In view of the foregoing, it is a first object of the
invention to provide a method of manufacturing a thin film
magnetic head which enables to manufacture a thin film
magnetic head with as high performance as possible.

[0017] Tt is a second object of the invention to provide a
thin film magnetic head capable of achieving as high per-
formance as possible.

[0018] 1t is a third object of the invention to provide a
magnetic recording apparatus which comprises the thin film
magnetic head of the invention and can achieve as high
performance as possible.

[0019] A thin film magnetic head according to the inven-
tion comprises: a thin film coil generating a magnetic flux;
and a magnetic pole layer extending from a recording-
medium-facing surface facing a recording medium moving
to a medium travel direction to the rear, emitting the
magnetic flux generated in the thin film coil to the recording
medium, and having a planar shape which includes a uni-
form width region determining the recording track width of
the recording medium and having a uniform width and a
widening region having a width larger than that of the
uniform width region, wherein the magnetic pole layer has
a laminate structure in which an auxiliary magnetic pole
layer extending from a first widening position where the
width of the magnetic pole layer expands from the uniform
width region to the widening region to the rear, and deter-
mining a planar shape of the widening region, and a main
magnetic pole layer extending from the recording-medium-
facing surface to the rear on the medium travel direction of
the auxiliary magnetic pole layer, including a first magnetic
pole layer portion extending from the recording-medium-
facing surface to the rear through the first widening position
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and a second magnetic pole layer portion having a width
larger than that of the first magnetic pole layer portion in
order from the recording-medium-facing surface, and deter-
mining a planar shape of the uniform width region are
laminated in this order.

[0020] The thin film magnetic head according to the
invention is manufactured through a method of manufactur-
ing a thin film magnetic head according to the invention, so
the thin film magnetic head can achieve higher performance.

[0021] In the method of manufacturing a thin film mag-
netic head according to the invention, the thin film magnetic
head comprises a thin film coil generating a magnetic flux;
and a magnetic pole layer extending from a recording-
medium-facing surface facing a recording medium moving
to a medium travel direction to the rear, emitting the
magnetic flux generated in the thin film coil to the recording
medium, and having a planar shape which includes a uni-
form width region determining the recording track width of
the recording medium and having a uniform width and a
widening region having a width larger than that of the
uniform width region, and a step of forming the magnetic
pole layer comprises: a first step of pattern-forming an
auxiliary magnetic pole layer determining a planar shape of
the widening region so as to extend from a first widening
position where the width of the magnetic pole layer expands
from the uniform width region to the widening region to the
rear; and a second step of pattern-forming a main magnetic
pole layer determining a planar shape of the uniform width
region so as to extend from the recording-medium-facing
surface to the rear on the medium travel direction of the
auxiliary magnetic pole layer and include a first magnetic
pole layer portion extending from the recording-medium-
facing surface to the rear through the first widening position
and a second magnetic pole layer portion having a width
larger than that of the first magnetic pole layer portion in
order from the recording-medium-facing surface, thereby
forming the magnetic pole layer so as to have a laminate
structure in which the auxiliary magnetic pole layer and the
main magnetic pole layer are laminated in this order.

[0022] In the method of manufacturing a thin film mag-
netic head according to the invention, the magnetic pole
layer is formed so as to have a laminate structure in which
the auxiliary magnetic pole layer which extends from the
first widening position to the rear and determines the planar
shape of the widening region, and the main magnetic pole
layer which extends from the recording-medium-facing sur-
face to the rear through the first widening position on the
medium travel direction of the auxiliary magnetic pole layer
and determines the planar shape of the uniform width region
are laminated in this order, and in particular, the main
magnetic pole layer is formed so as to include the first
magnetic pole layer portion extending from the recording-
medium-facing surface to the rear through the first widening
position and the second magnetic pole layer portion having
a width larger than the first magnetic pole layer portion in
order from the recording-medium-facing surface. Thereby,
sufficient advantages, that is, high-precision control of the
recording track width by high-precision formation of the
main magnetic pole layer, stable recording by an increase in
the amount of magnetic flux contained in the main magnetic
pole layer, and stable information maintenance by preven-
tion of information erasing without intention can be
obtained.
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[0023] A magnetic recording apparatus according to the
invention comprises a recording medium moving in a
medium travel direction; and a thin film magnetic head
performing magnetic processing on the recording medium,
wherein the thin film magnetic head comprises: a thin film
coil generating a magnetic flux; and a magnetic pole layer
extending from a recording-medium-facing surface facing a
recording medium moving to a medium travel direction to
the rear, emitting the magnetic flux generated in the thin film
coil to the recording medium, and having a planar shape
which includes a uniform width region determining the
recording track width of the recording medium and having
a uniform width and a widening region having a width larger
than that of the uniform width region, and the magnetic pole
layer has a laminate structure in which an auxiliary magnetic
pole layer extending from a first widening position where
the width of the magnetic pole layer expands from the
uniform width region to the widening region to the rear, and
determining a planar shape of the widening region, and a
main magnetic pole layer extending from the recording-
medium-facing surface to the rear on the medium travel
direction of the auxiliary magnetic pole layer, including a
first magnetic pole layer portion extending from the record-
ing-medium-facing surface to the rear through the first
widening position and a second magnetic pole layer portion
having a width larger than that of the first magnetic pole
layer portion in order from the recording-medium-facing
surface, and determining a planar shape of the uniform width
region are laminated in this order.

[0024] The magnetic recording apparatus according to the
invention comprises the thin film magnetic head according
to the invention, so the magnetic recording apparatus can
achieve higher performance.

[0025] In the method of manufacturing a thin film mag-
netic head, the main magnetic pole layer may be formed
through growing a plating film, or through forming a mag-
netic material layer, and then etching and patterning the
magnetic material layer.

[0026] In the thin film magnetic head and the method of
manufacturing a thin film magnetic head according to the
invention, an insulating layer is formed so that the auxiliary
magnetic pole layer and its surroundings are covered with
the insulating layer, and then, after the auxiliary magnetic
pole layer and the insulating layer are polished to form a flat
surface including an end surface of the auxiliary magnetic
pole layer on the medium travel direction and an end surface
of the insulating layer on the medium travel direction, the
main magnetic pole layer is preferably formed on the flat
surface. Moreover, a relationship of 0.40<FH/(FH+
NH)<0.84 is preferably established between a distance FH
(um) between the first widening position and a second
widening position where the width of the main magnetic
pole layer expands from the first magnetic pole layer portion
to the second magnetic pole layer portion and a distance NH
(um) between the recording-medium-facing surface and the
first widening position, and in particular, the distance FH
(um) is preferably within a range of larger than 0.1 um and
smaller than 0.8 yum. In this case, the auxiliary magnetic pole
layer is preferably formed so as to include a third magnetic
pole layer portion being disposed adjacent to the main
magnetic pole layer and having a first thickness and a fourth
magnetic pole layer portion being disposed nonadjacent to
the main magnetic pole layer and having a second thickness
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smaller than the first thickness, and more specifically, the
auxiliary magnetic pole layer can be formed through pattern-
forming a precursor magnetic pole layer for forming the
auxiliary magnetic pole layer so as to have the first thickness
as a whole, forming the main magnetic pole layer on the
precursor magnetic pole layer, and selectively etching and
removing the precursor magnetic pole layer through the use
of the main magnetic pole layer as a mask. In particular, the
magnetic pole layer may be formed so as to emit a magnetic
flux for magnetizing the recording medium in a direction
perpendicular to a surface thereof.

[0027] The thin film magnetic head according to the
invention is manufactured through the method of manufac-
turing a thin film magnetic head according to the invention,
so the thin film magnetic head can have as high performance
as possible.

[0028] In the method of manufacturing a thin film mag-
netic head according to the invention, the magnetic pole
layer is formed so as to include the auxiliary magnetic pole
layer which extends from the first widening position to the
rear and determines the planar shape of the widening region
and the main magnetic pole layer which extends from the
recording-medium-facing surface to the rear through the first
widening position on the medium travel direction of the
auxiliary magnetic pole layer, and determines the planar
shape of the uniform width region, and in particular, the
main magnetic pole layer is formed so as to include the first
magnetic pole layer portion extending from the recording-
medium-facing surface to the rear through the first widening
position and the second magnetic pole layer portion having
a width larger than that of the first magnetic pole layer
portion in order from the recording-medium-facing surface,
so sufficient advantages, that is, high-precision control of the
recording track width by high-precision formation of the
main magnetic pole layer, stable recording by an increase in
the amount of magnetic flux contained in the main magnetic
pole layer, and stable information maintenance by preven-
tion of information erasing without intention can be
obtained. Therefore, the thin film magnetic head with as high
performance as possible can be manufactured.

[0029] The magnetic recording apparatus according to the
invention comprises the thin film magnetic head according
to the invention, so the magnetic recording apparatus can
achieve as high performance as possible.

[0030] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIGS. 1A and 1B are sectional views of a thin film
magnetic head according to an embodiment of the invention;

[0032] FIG. 2 is a plan view of a main part of the thin film
magnetic head shown in FIGS. 1A and 1B;

[0033] FIG. 3 is a perspective view of a main part of the
thin film magnetic head shown in FIGS. 1A and 1B;

[0034] FIG. 4 is an enlarged sectional view of a main part
of the thin film magnetic head shown in FIGS. 1A and 1B;

[0035] FIGS. 5A and 5B are sectional views for describ-
ing one step in a method of manufacturing the thin film
magnetic head according to the embodiment of the inven-
tion;
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[0036] FIGS. 6A and 6B are sectional views for describ-
ing a step following the step of FIGS. 5A and 5B;

[0037] FIGS. 7A and 7B are sectional views for describ-
ing a step following the step of FIGS. 6A and 6B;

[0038] FIGS. 8A and 8B are sectional views for describ-
ing a step following the step of FIGS. 7A and 7B;

[0039] FIGS. 9A and 9B are sectional views for describ-
ing a step following the step of FIGS. 8A and 8B;

[0040] FIGS. 10A and 10B are sectional views for
describing a step following the step of FIGS. 9A and 9B;

[0041] FIGS. 11A and 11B are sectional views for
describing a step following the step of FIGS. 10A and 10B;

[0042] FIG. 12 is a perspective view corresponding to the
sectional views of FIGS. 6A and 6B;

[0043] FIG. 13 is a perspective view corresponding to the
sectional views of FIGS. 8A and 8B;

[0044] FIG. 14 is a perspective view corresponding to the
sectional views of FIGS. 10A and 10B;

[0045] FIG. 15 is a perspective view corresponding to the
sectional views of FIGS. 11A and 11B;

[0046] FIG. 16 is an enlarged sectional view of a part of
a thin film magnetic head of a comparative example relative
to the thin film magnetic head according to the embodiment
of the invention;

[0047] FIGS. 17A and 17B are sectional views for
describing one step in a modification of the method of
manufacturing the thin film magnetic head according to the
embodiment of the invention;

[0048] FIGS. 18A and 18B are secctional views for
describing a step following the step of FIGS. 17A and 17B;

[0049] FIG. 19 is a perspective view showing a modifi-
cation of the thin film magnetic head according to the
embodiment of the invention;

[0050] FIG. 20 is a cutaway perspective view of a mag-
netic recording apparatus comprising a thin film magnetic
head according to the invention;

[0051] FIG. 21 is an enlarged perspective view of a main
part of the magnetic recording apparatus shown in FIG. 20;

[0052] FIG. 22 is a plot showing a distribution of perpen-
dicular magnetic field strength;

[0053] FIG. 23 is a plot showing dependence of perpen-
dicular magnetic field strength on a flare height; and

[0054] FIG. 24 is a plot showing dependence of the
forming precision of a main magnetic pole layer on a flare
height.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0055] A preferred embodiment of the invention will be
described in more detail below referring to the accompany-
ing drawings.

[0056] At first, referring to FIGS. 1A and 1B through 4,
the structure of a thin film magnetic head according to an
embodiment of the invention will be described below. FIGS.
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1A and 1B through 4 show the structure of the thin film
magnetic head. FIGS. 1A and 1B show sectional views of
the thin film magnetic head; FIG. 2 shows a plan view of a
main part of the thin film magnetic head; FIG. 3 shows a
perspective view of a main part of the thin film magnetic
head; and FIG. 4 shows an enlarged sectional view of a main
part of the thin film magnetic head. FIG. 1A shows a
sectional view parallel to an air bearing surface (along a X-Z
plane) and FIG. 1B shows a sectional view perpendicular to
the air bearing surface (along a Y-Z plane). FIG. 4 shows a
sectional view taken along a line IV-IV of FIG. 2. An up
arrow D shown in FIGS. 1A, 1B and 3 indicates a direction
where a magnetic recording medium (not shown) relatively
moves with respect to the thin film magnetic head (medium
travel direction).

[0057] In the following description, a dimension in an
X-axis direction, a dimension in a Y-axis direction and a
dimension in a Z-axis direction in FIGS. 1A and 1B through
4 are expressed as “width”, “length” and “thickness”,
respectively. Further, a side closer to the air bearing surface
in the Y-axis direction is expressed as “front”, and the
opposite side is expressed as “rear”. The same expressions
are used in FIG. 5§ and later drawings.

[0058] The thin film magnetic head is mounted in a
magnetic recording apparatus such as, for example, a hard
disk drive to perform magnetic processing on a magnetic
recording medium (hereinafter simply referred to as “record-
ing medium”) such as, for example, a hard disk which moves
in a medium travel direction D. More specifically, the thin
film magnetic head is a composite head capable of perform-
ing recording and reproducing. As shown in FIGS. 1A and
1B, the thin film magnetic head has a structure in which an
insulating layer 2 made of, for example, a non-magnetic
insulating material such as aluminum oxide (Al,Os; here-
inafter simply referred to as “alumina™), a reproducing head
portion 100A which performs reproducing through the use
of a magnetoresistive effect (MR), a separating layer 7 made
of, for example, a non-magnetic insulating material such as
alumina, a shield type recording head portion 100B which
performs recording by a perpendicular recording system,
and an overcoat layer 17 made of, for example, a non-
magnetic insulating material such as alumina are laminated
in this order on a substrate 1 made of, for example, a ceramic
material such as AITIC (ALO5.TiC).

[0059] The reproducing head portion 100A has, for
example, a laminate structure in which a bottom read shield
layer 3, a shield gap film 4 and a top read shield layer § are
laminated in this order. An MR device 6 as a reproducing
device is buried in the shield gap film 4 so that an end
surface of the MR device 6 is exposed to a recording-
medium-facing surface (air bearing surface) 40 facing the
recording medium.

[0060] The bottom read shield layer 3 and the top read
shield layer 5 are provided to magnetically separate the MR
device 6 from its surroundings, and they extend from the air
bearing surface 40 toward the rear. The bottom read shield
layer 3 and the top read shield layer 5 are made of, for
example, a magnetic material such as a nickel-iron alloy
(NiFe (for example, Ni: 80 wt %, Fe: 20 wt %); hereinafter
simply referred to as “Permalloy (trade name)”) with a
thickness of approximately 1.0 um to 2.0 um.
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[0061] The shield gap film 4 is provided to electrically
separate the MR device 6 from its surroundings, and is made
of, for example, a non-magnetic insulating material such as
alumina.

[0062] The MR device 6 is provided to perform magnetic
processing (reproducing) through the use of, for example, a
giant magnetoresistive effect (GMR), a tunneling magne-
toresistive effect (TMR) or the like.

[0063] The recording head portion 100B has, for example,
a laminate structure in which a magnetic pole layer 20 which
is buried in insulating layers 9 and 11, a gap layer 12 having
an aperture (back gap 12BG) for magnetic connection, a thin
film coil 13 buried in an insulating layer 14 and a write
shield layer 30 are laminated in this order.

[0064] The magnetic pole layer 20 contains a magnetic
flux generated in the thin film coil 13, and emits the
magnetic flux toward the recording medium to perform
magnetic processing (recording). The magnetic pole layer
20 extends from the air bearing surface 40 to the rear, more
specifically, to a position corresponding to the back gap
12BG disposed in the gap layer 12.

[0065] As shown in FIG. 2, the magnetic pole layer 20 has
a planar shape including a uniform width region R1 with a
minute uniform width W1 (W1=approximately 0.1 ym to 0.3
um) which determines the recording track width of the
recording medium and a widening region R2 with a width
W2 larger than the width W1 of the uniform width region R1
(W2>W1) in order from the air bearing surface 40. A
position where the width of the magnetic pole layer 20
expands from the uniform width region R1 to the widening
region R2 is “a first flare point FP1 (a first widening
position)” which is one of important factors in determining
the recording performance of the thin film magnetic head.

[0066] In particular, as shown in FIGS. 1A and 1B
through 3, the magnetic pole layer 20 includes an auxiliary
magnetic pole layer 8 buried in the insulating layer 9 and a
main magnetic pole layer 10 buried in the insulating layer 11
which are laminated in this order, that is, the magnetic pole
layer 20 has a laminate structure in which the main magnetic
pole layer 10 is disposed on a trailing side of the auxiliary
magnetic pole layer 8. When the movement of the recording
medium toward the medium travel direction D shown in
FIGS. 1A, 1B and 3 is considered as a flow, the “trailing
side” means a side where the flow outgoes (the medium
travel direction D), and in this case, the trailing side is a top
side in a thickness direction (Z-axis direction). On the other
hand, a side where the flow incomes (opposite to the
medium travel direction D) is called “leading side”, and in
this case, the leading side is a bottom side in the thickness
direction.

[0067] The auxiliary magnetic pole layer 8 functions as a
main magnetic flux containing portion, and is made of, for
example, a magnetic material with a high saturated magnetic
flux density such as an iron-cobalt-based alloy. As the
iron-cobalt-based alloy, for example, an iron cobalt alloy
(FeCo), an iron cobalt nickel alloy (FeCoNi) or the like is
cited. The auxiliary magnetic pole layer 8 extends from a
position behind the air bearing surface 40 to the rear, more
specifically from the first flare point FP1 to a position
corresponding to the back gap 12BG, and is disposed
adjacent to the main magnetic pole layer 10 and has a
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connection with the main magnetic pole layer 10. In the
description, “connection” means being physically contact
with something to be connected to it and being magnetically
connected to it to be able to bring in conduction, and the
meaning of “connection” is the same in the following
description. A distance from the air bearing surface 40 as a
reference to the auxiliary magnetic pole layer 8 in a rear
direction (that is, a neck height NH which will be described
later) is approximately 0.05 um to 0.5 um. An end surface of
the auxiliary magnetic pole layer 8 on the trailing side is
planarized together with, for example, an end surface of the
insulating layer 9 on the trailing side. In other words, a flat
surface M1 is formed so as to include the end surface of the
auxiliary magnetic pole layer 8 on the trailing side and the
end surface of the insulating layer 9 on the trailing side.

[0068] In particular, for example, as shown in FIGS. 2
and 3, the auxiliary magnetic pole layer 8 determines a
planar shape of the widening region R2, and has the width
W2 corresponding to the widening region R2. More spe-
cifically, the width of the auxiliary magnetic pole layer 8
includes the uniform width W2 in a rear portion thereof and
a width which gradually decreases from the width W2 to the
width W1 toward the first flare point FP1 in a front portion
thereof. In the auxiliary magnetic pole layer 8, for example,
as shown in FIG. 3, the thickness of a region except a region
adjacent to the main magnetic pole layer 10 (a region not
adjacent to the main magnetic pole layer 10) is thinner than
the thickness of the region adjacent to the main magnetic
pole layer 10, that is, the auxiliary magnetic pole layer 8
includes, for example, an adjacent portion 8A (a third
magnetic pole layer portion) disposed adjacent to the main
magnetic pole layer 10 and having a thickness T1 (a first
thickness) and a nonadjacent portion 8B (a fourth magnetic
pole layer portion) disposed nonadjacent to the main mag-
netic pole layer 10 and having a thickness T2 smaller than
the thickness T1 of the adjacent portion 8A (T2<T1; a
second thickness). A difference between the thicknesses in
the auxiliary magnetic pole layer 8, that is, a difference
between the thickness T1 of the adjacent portion 8A and the
thickness T2 of the nonadjacent portion 8B (T1-T2) is
approximately 0.05 um or more, and preferably approxi-
mately 0.05 yum to 0.15 um. In addition, the thickness T2 of
the nonadjacent portion 8B gradually decreases with an
increase in a distance from a front end portion 10A, which
will be described later, of the main magnetic pole layer 10
in a width direction (X-axis direction) by an effect of etching
in a step of forming the auxiliary magnetic pole layer 8, that
is, the nonadjacent portion 8B has a surface inclined down-
ward with an increase in the distance from the front end
portion 10A.

[0069] The main magnetic pole layer 10 functions as a
main magnetic flux emitting portion, and is made of, for
example, a magnetic material with a high saturated magnetic
flux density such as an iron-cobalt-based alloy as in the case
of the auxiliary magnetic pole layer 8. The main magnetic
pole layer 10 extends from the air bearing surface 40 to the
rear, more specifically from the air bearing surface 40 to a
position corresponding to the back gap 12BG.

[0070] In particular, the main magnetic pole layer 10
determines a planar shape of the uniform width region R1,
and, for example, as shown in FIGS. 2 and 3, the main
magnetic pole layer 10 includes the front end portion 10A (a
first magnetic pole layer portion) which extends from the air
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bearing surface 40 to the rear through the first flare point FP1
and has the width W1 corresponding to the uniform width
region R1 and a rear end portion 10B (a second magnetic
pole layer portion) which is connected to the rear of the front
end portion 10A and has a width W3 larger than the width
W1 of the front end portion 10A (W3>W1) in order from the
air bearing surface 40. As described above, although the
width W3 of the rear end portion 10B is larger than the width
W1 of the front end portion 10A, the width W3 of the rear
end portion 10B is smaller than the width W2 of the
auxiliary magnetic pole layer 8 (W1<W3<W2). A position
where the width of the main magnetic pole layer 10 expands
from the front end portion 10A to the rear end portion 10B
is “a second flare point FP2 (a second widening position)”
related to the recording performance of the thin film mag-
netic head.

[0071] The front end portion 10A is a portion which
substantially emits the magnetic flux generated in the thin
film coil 13 to the recording medium, and has an exposed
surface M2 exposed to the air bearing surface 40. As shown
in FIG. 3, for example, the exposed surface M2 has a shape
in which the width gradually decreases from the trailing side
to the leading side, that is, a symmetrical inverted trapezoi-
dal shape which has an edge (Trailing edge) TE positioned
on the trailing side and having the width W1 as an upper
base and an edge (leading edge) LE positioned on the
leading side and having a width W5 smaller than the width
W1 (W5<W1) as a lower base. The trailing edge TE of the
front end portion 10A is a substantial recording point in the
main magnetic pole layer 10. The front end portion 10A has
a shape corresponding to the exposed surface M2 in a length
direction (Y-axis direction) in cross section.

[0072] The rear end portion 10B is a portion which
contains a part of the magnetic flux contained in the auxil-
iary magnetic pole layer 8 to supply the magnetic flux to the
front end portion 10A. The width of the rear end portion 10B
includes, for example, the uniform width W3 in a rear
portion thereof and a width which gradually decreases from
the width W3 to the width W1 toward the second flare point
FP2 in a front portion thereof.

[0073] A distance determined on the basis of the first flare
point FP1, that is, a distance between the air bearing surface
40 and the first flare point FP1 is “a neck height NH (um)”
which is one of important factors in determining the record-
ing performance of the thin film magnetic head. Moreover,
a distance determined on the basis of the second flare point
FP2, that is, a distance between the first flare point FP1 and
the second flare point FP2 is “a flare height FH (um)” related
to the recording performance of the thin film magnetic head.
Relationships of NH=FH and 0.40<FH/(FH+NH)<0.84
between the flare height FH and the neck height NH are
established. On the basis of the relationships, for example,
in the case where the neck height NH is 0.15 um, the flare
height FH is preferably within a range of larger than
approximately 0.1 um and smaller than 0.8 um(0.1
[m<FH<0.8 ym).

[0074] The insulating layer 9 electrically separates the
auxiliary magnetic pole layer 8 from its surroundings, and is
made of, for example, a non-magnetic insulating material
such as alumina. In the insulating layer 9, for example, as
shown in FIG. 3, like the auxiliary magnetic pole layer 8, a
region of the insulating layer 9 except for a region adjacent
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to the main magnetic pole layer 10 (a region nonadjacent to
the main magnetic pole layer 10) has a thinner thickness than
the region adjacent to the main magnetic pole layer 10. As
described above, for example, an end surface of the insu-
lating layer 9 on the trailing side and an end surface of the
auxiliary magnetic pole layer 8 on the trailing side forms a
flat surface M1.

[0075] The insulating layer 11 electrically separates the
main magnetic pole layer 10 from its surroundings, and is
made of, for example, a non-magnetic insulating material
such as alumina.

[0076] The gap layer 12 forms a gap for magnetically
separating the magnetic pole layer 20 from the write shield
layer 30. The gap layer 12 is made of, for example, a
non-magnetic insulating material such as alumina with a
thickness of approximately 0.2 um or less.

[0077] The thin film coil 13 generates a magnetic flux for
recording, and is made of, for example, a high conductive
material such as copper (Cu). As shown in FIG. 2, the thin
film coil 13 has, for example, a winding structure spirally
wound around the back gap 12BG. In FIGS. 1A, 1B and 2,
only a part of a plurality of windings constituting the thin
film coil 13 is shown.

[0078] The insulating layer 14 is laid over the thin film coil
13 to electrically separate the thin film coil 13 from its
surroundings, and is disposed on the gap layer 12 so that the
back gap 12BG is not covered with the insulating layer 14.
The insulating layer 14 is made of, for example, a photore-
sist (photosensitive resin) or spin-on glass (SOG) exhibiting
liquidity by heating, and a near-edge portion of the insulat-
ing layer 14 has a rounded inclined surface. The forefront
position of the insulating layer 14 is “a throat height zero
position TP” which is one of important factors in determin-
ing the recording performance of the thin film magnetic
head, and a distance between the air bearing surface 40 and
the throat height zero position TP is “a throat height TH”. In
FIGS. 1A, 1B and 2, the throat height zero position TP
matches the first flare point FP1, that is, a state in which the
throat height TH matches the neck height NH is shown.

[0079] The write shield layer 30 takes in a spread portion
of the magnetic flux emitted from the magnetic pole layer 20
to prevent the spread of the magnetic flux. The write shield
layer 30 extends from the air bearing surface 40 to the rear
on the trailing side of the magnetic pole layer 20, and more
specifically, the write shield layer 30 extends so as to be
separated from the magnetic pole layer 20 by the gap layer
12 on a side closer to the air bearing surface 40 and be
connected to the magnetic pole layer 20 through the back
gap 12BG on a side farther from the air bearing surface 40.
In particular, the write shield layer 30 includes two different
components, that is, a TH determining layer 15 which
functions as a main magnetic flux uptake opening and a yoke
layer 16 which functions as a flow path for the magnetic flux
taken in by the TH determining layer 15.

[0080] The TH determining layer 15 is disposed adjacent
to the gap layer 12, and extends from the air bearing surface
40 to a position between the air bearing surface 40 and the
back gap 12BG, more specifically to a position between the
air bearing surface 40 and the thin film coil 13. The TH
determining layer 15 is made of, for example, a magnetic
material with a high saturated magnetic flux density such as
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Permalloy or an iron-cobalt-based alloy, and has a rectan-
gular planar shape with the width W4 larger than the width
W2 of the magnetic pole layer 20 (W4>W2), as shown in
FIG. 2. The insulating layer 14 in which the thin film coil
13 is buried is disposed adjacent to the TH determining layer
15, that is, the TH determining layer 15 determines the
forefront position of the insulating layer 14 (the throat height
zero position TP), and more specifically, the TH determining
layer 15 plays a role in determining the throat height TH.

[0081] The yoke layer 16 extends from the air bearing
surface 40 to a position corresponding to the back gap 12BG
so that the insulating layer 14 is covered with the yoke layer
16, and in the yoke layer 16, a front portion thereof is laid
on the TH determining layer 15 so as to be connected to the
TH determining layer 15 and a rear portion thereof is
disposed adjacent to the magnetic pole layer 20 so as to be
connected to the magnetic pole layer 20 through the back
gap 12BG. The yoke layer 16 is made of, for example, a
magnetic material with a high saturated magnetic flux den-
sity such as Permalloy or an iron-cobalt-based alloy as in the
case of the TH determining layer 15, and as shown in FIG.
2, the yoke layer 16 has a rectangular planar shape with the
width W4.

[0082] Next, referring to FIGS. 1A and 1B through 4, the
actions of the thin film magnetic head will be described
below.

[0083] In the thin film magnetic head, at the time of
recording information, when a current flows into the thin
film coil 13 of the recording head portion 10B through an
external circuit (not shown), a magnetic flux is generated in
the thin film coil 13. After the magnetic flux generated at this
time is contained in the magnetic pole layer 20, the magnetic
flux flows to the front end portion 10A of the main magnetic
pole layer 10 in the magnetic pole layer 20. At this time, the
magnetic flux flowing through the magnetic pole layer 20 is
concentrated at the first flare point FP1 with a decrease in the
width of the magnetic pole layer 20, so the magnetic flux is
focused on a portion of the exposed surface M2 of the front
end portion 10A in proximity to the trailing edge TE. When
the magnetic flux focused on the portion in proximity to the
trailing edge TE is emitted from the exposed surface M2 of
the front end portion 10A to outside, a recording magnetic
field (a perpendicular magnetic field) is generated in a
direction perpendicular to a surface of the recording
medium, and the recording medium is magnetized in a
perpendicular direction by the perpendicular magnetic field,
so information is magnetically recorded on the recording
medium. At the time of recording information, a spread
portion of the magnetic flux emitted from the exposed
surface M2 of the front end portion 10A is taken in by the
write shield layer 30, so the spread of the magnetic flux can
be prevented. The magnetic flux taken in by the write shield
layer 30 is returned to the magnetic pole layer 20 through the
back gap 12BG.

[0084] On the other hand, at the time of reproducing
information, when a sense current flows into the MR device
6 of the reproducing head portion 100A, the resistance of the
MR device 6 is changed depending upon a signal magnetic
field for reproducing from the recording medium. A change
in the resistance is detected as a change in the sense current
so that the information recorded on the recording medium is
magnetically read out.
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[0085] Next, referring to FIGS. 1A and 1B through 15, a
method of manufacturing the thin film magnetic head shown
in FIGS. 1A and 1B through 4 will be described below.
FIGS. 5A and 5B through 15 show each step in the method
of manufacturing the thin film magnetic head. FIGS. 5A
and 5B through 11A and 11B show sectional views corre-
sponding to FIGS. 1A and 1B, and FIG. 12 through 15
show perspective views corresponding to FIG. 3. FIGS. 12,
13, 14 and 15 correspond to FIGS. 6A and 6B, 8A and 8B,
10A and 10B, and 11A and 11B, respectively.

[0086] At first, the method of manufacturing the thin film
magnetic head will be briefly described below referring to
FIGS. 1A and 1B, and then a method of forming a main part
(that is, the magnetic pole layer 20) of the thin film magnetic
head will be described in detail below. The materials,
dimensions and structural characteristics of components of
the thin magnetic head will not be further described, because
they have been already described above.

[0087] The thin film magnetic head is manufactured
through laminating each component in order mainly through
the use of existing thin film processes including film for-
mation techniques such as plating and sputtering, patterning
techniques such as photolithography, etching techniques
such as dry etching and wet etching, and so on. More
specifically, at first, as shown in FIGS. 1A and 1B, after the
insulating layer 2 is formed on the substrate 1, the bottom
read shield layer 3, the shield gap film 4 in which the MR
device 6 is buried, and the top read shield layer 5 are
laminated in this order on the insulating layer 2 so as to form
the reproducing head portion 10A. Next, after the separating
layer 7 is formed on the reproducing head portion 100A, on
the separating layer 7, the magnetic pole layer 20 (the
auxiliary magnetic pole layer 8 and the main magnetic pole
layer 10) which is buried in the insulating layers 9 and 11,
the gap layer 12 including the back gap 12BG, the insulating
layer 14 in which the thin film coil 13 is buried, and the write
shield layer 30 (the TH determining layer 15 and the yoke
layer 16) are laminated in this order so as to form the
recording head portion 100B. Finally, after the overcoat
layer 17 is formed on the recording head portion 100B, the
air bearing surface 40 is formed through machining or
polishing to complete the thin film magnetic head.

[0088] When the main part of the thin film magnetic head
is formed, after forming the separating layer 7, at first, as
shown in FIGS. 5A and 5B, a photoresist pattern 51 for
forming a precursor magnetic pole layer 8Z which will be
described later is formed on the separating layer 7.

[0089] A step of forming the photoresist pattern 51 will be
described as below. At first, a seed layer (not shown) as an
electrode layer is formed on the separating layer 7 through
sputtering. As the material of the seed layer, for example, the
same magnetic material as that of the precursor magnetic
pole layer 8Z is used. Next, after a photoresist is applied to
the seed layer to form a photoresist film, the photoresist film
is patterned through photolithography to form the photore-
sist pattern 51. The photoresist pattern 51 is formed so as to
have an opening 51K corresponding to a planar shape of the
precursor magnetic pole layer 8Z. As the material of the
photoresist pattern 51, for example, either a positive photo-
resist or a negative photoresist can be used.

[0090] Next, a plating film is selectively grown in the
opening 51K of the photoresist pattern 51 through the use of
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the seed layer formed in the former step and the photoresist
pattern 51 to pattern-form the precursor magnetic pole layer
8Z as shown in FIGS. 5A and 5B. The precursor magnetic
pole layer 8Z is a preliminary layer which will become the
auxiliary magnetic pole layer 8 through polishing and etch-
ing in a later step, and the precursor magnetic pole layer 8Z
has the same planar shape as that of the auxiliary magnetic
pole layer 8. The precursor magnetic pole layer 8Z is formed
so as to have a thickness TO larger than the thickness T1 of
the auxiliary magnetic pole layer 8 (an adjacent portion 8A)
(T0>T1) and be disposed approximately 0.05 um to 0.5 um
behind a position where the air bearing surface 40 (refer to
FIGS. 1A and 1B) is formed. The thickness of photoresist
pattern 51 and the forming position of the opening 51K are
adjusted in a former step so that the precursor magnetic pole
layer 8Z has the thickness T0 and is disposed approximately
0.05 pm to 0.5 um behind the position where the air bearing
surface 40 is formed. In particular, the forefront position of
the precursor magnetic pole layer 8Z becomes a position
which determines the first flare point FP1.

[0091] Next, as shown in FIGS. 6A, 6B and 12, only the
precursor magnetic pole layer 8Z is left on the separating
layer 7 through removing the used photoresist pattern 51.
After that, the used seed layer (not shown) is etched through
the use of the precursor magnetic pole layer 8Z as a mask,
for example, though ion milling to selectively remove a
region of the seed layer except for a region of the seed layer
corresponding to the precursor magnetic pole layer 8Z.

[0092] Next, as shown in FIGS. 7A and 7B, the insulating
layer 9 is formed though, for example, sputtering so that the
precursor magnetic pole layer 8Z and the separating layer 7
around the precursor magnetic pole layer 8Z are covered
with the insulating layer 9. For example, the insulating layer
9 is formed so that the bottom surface of the insulating layer
9 is higher than the top surface of the precursor magnetic
pole layer 8Z, that is, the precursor magnetic pole layer 8Z
is completely buried in the insulating layer 9.

[0093] Then, the insulating layer 9 and the precursor
magnetic pole layer 8Z are polished through, for example,
CMP (Chemical Mechanical Polishing) to form the flat
surface M1 including an end surface of the precursor mag-
netic pole layer 8Z on the trailing side and an end surface of
the insulating layer 9 on the trailing side. For example, the
flat surface M1 is formed through polishing until the whole
thickness of the precursor magnetic pole layer 8Z is reduced
from TO to T1.

[0094] Next, as shown in FIGS. 9A and 9B, a photoresist
pattern 52 for forming the main magnetic pole layer 10 is
formed on the flat surface M1. A step of forming the
photoresist pattern 52 (including the seed layer) is the same
as the step of forming the photoresist pattern 51 formed in
a former step. The photoresist pattern 52 is formed so that an
opening 52K corresponding to the planar shape of the main
magnetic pole layer 10 is included and, specifically as shown
in FIG. 9A, the width of the opening 52K is gradually
reduced with a decrease in a distance from the flat surface
Ml1.

[0095] Then, a plating film is selectively grown in the
opening 52K of the photoresist pattern 52 though the use of
the seed layer and the photoresist pattern 52 to pattern-form
the main magnetic pole layer 10 including the front end
portion 10A and the rear end portion 10B, as shown in FIG.
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9A and 9B. When the main magnetic pole layer 10 is
formed, on the basis of a characteristic pattern structure of
the photoresist pattern 52 in which the width of the opening
52K is gradually reduced with a decrease in a distance from
the flat surface M1, as shown in FIG. 9A, the front end
portion 10A is formed so as to have a symmetrical inverted
trapezoidal shape in cross section.

[0096] Next, after the used photoresist pattern 52 is
removed, the used seed layer (not shown) is etched through
using the main magnetic pole layer 10 as a mask by, for
example, ion milling to selectively remove a region of the
seed layer except for a region of the seed layer correspond-
ing to the main magnetic pole layer 10. Thereby, as shown
in FIGS. 10A, 10B and 14, only the main magnetic pole
layer 10 is left on the flat surface M1. When the seed layer
is etched, on the basis of the fact that the front end portion
10A in the main magnetic pole layer 10 used as a mask has
a symmetrical inverted trapezoidal shape in cross section, a
hidden region in a range where an etching effect is exerted
is produced due to the structural characteristic of the front
end portion 10A, so the etching amount gradually increases
with an increase in a distance from the front end portion 10A
in the width direction (X-axis direction). Thereby, at the time
when the seed layer is removed in a region near the front end
portion 10A, after the seed layer is removed, a region of the
precursor magnetic pole layer 82 and a region of the
insulating layer 9 away from the front end portion 10A are
slightly removed, so in a region around the front end portion
10A, the precursor magnetic pole layer 8Z and the insulating
layer 9 are inclined downward with an increase in the
distance from the front end portion 10A.

[0097] Finally, when the precursor magnetic pole layer 8Z
and the insulating layer 9 are etched through using the main
magnetic pole layer 10 as a mask to be slightly removed, as
shown in FIGS. 11A, 11B and 185, the auxiliary magnetic
pole layer 8 including the adjacent portion 8A (with the
thickness T1) and the nonadjacent portion 8B (with the
thickness T2) is formed. When the auxiliary magnetic pole
layer 8 is formed, for example, etching is performed until the
thickness of the nonadjacent portion 8B is reduced to T1 to
T2, more specifically the precursor magnetic pole layer 8Z
is removed to a depth of approximately 0.05 um to 0.15 um.
Thereby, the magnetic pole layer 20 with a laminate struc-
ture in which the auxiliary magnetic pole layer 8 (the
adjacent portion 8A and the nonadjacent portion 8B) and the
main magnetic pole layer 10 (the front end portion 10A and
the rear end portion 10B) are laminated in this order is
completed.

[0098] In the above description, for the sake of simplifi-
cation of the description, at the time of FIGS. 11A, 11B and
15, the magnetic pole layer 20 (the auxiliary magnetic pole
layer 8 and the main magnetic pole layer 10) is substantially
completed; however, in a precise sense, the air bearing
surface 40 is formed in a later step. In other words, when the
exposed surface M2 (refer to FIG. 4) of the main magnetic
pole layer 10 is formed, the magnetic pole layer 20 (the
auxiliary magnetic pole layer 8 and the main magnetic pole
layer 10) is finally completed.

[0099] In the method of manufacturing the thin film mag-
netic head according to the embodiment, the magnetic pole
layer 20 is formed so as to have a laminate structure in which
the auxiliary magnetic pole layer 8 (the adjacent portion 8A
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and the nonadjacent portion 8B) extending from the first
flare point FP1 to the rear and determining the planar shape
of the widening region R2, and the main magnetic pole layer
10 (the front end portion 10A and the rear end portion 10B)
extending from the air bearing surface 40 to the rear through
the first flare point FP1 and determining the planar shape of
the uniform width region R1 are laminated in this order, so
as a result of obtaining advantages on the following three
points, the thin film magnetic head with as high performance
as possible can be manufactured.

[0100] Firstly, as shown in FIGS. 7A and 7B through 10A
and 10B, 13 and 14, after the flat surface M1 is formed
through polishing the precursor magnetic pole layer 8Z and
the insulating layer 9 to be planarized, the main magnetic
pole layer 10 is formed on the flat surface M1, so compared
to the case where the main magnetic pole layer 10 is formed
on an uneven surface with asperities, the main magnetic pole
layer 10 can be formed with high precision. It is because the
photoresist pattern 52 used for forming the main magnetic
pole layer 10 is formed on the flat surface M1, so when a
photoresist film is exposed to form the photoresist pattern
52, a reflective angle range of reflective light generated from
a base (a seed layer) is narrower, thereby it is difficult to
expand the exposed region (a region where the opening 52K
is formed) in the photoresist film. In this case, in particular,
the front end portion 10A, which is a portion substantially
determining the recording track width, in the main magnetic
pole layer 10 can be formed with high precision so as to have
a target minute uniform width W1, so the recording track
width of the recording medium can be controlled with high
precision by the width W1 of the front end portion 10A.

[0101] Secondly, as shown in FIG. 2, the main magnetic
pole layer 10 is formed so as to include the front end portion
10A with the minute uniform width W1 and the rear end
portion 10B with the width W3 larger than the width W1 of
the front end portion 10A, so compared to the case where the
main magnetic pole layer 10 is formed so as to include only
the front end portion 10A and not to include the rear end
portion 10B, the amount of the magnetic flux contained in
the main magnetic pole layer 10 can be increased. It is
because the rear end portion 10B which contains a larger
amount of the magnetic flux on the basis of the width W3
larger than the width W1 is connected to the rear of the front
end portion 10A which contains a smaller amount of the
magnetic flux on the basis of the minute width W1, so the
total amount of the magnetic flux contained in the main
magnetic pole layer 10 can be secured on the basis of the
existence of the rear end portion 10B. In this case, in
particular, in the main magnetic pole layer 10, the magnetic
flux can sufficiently and smoothly flow from the widening
region R2 which includes the rear end portion 10B and is a
portion containing the magnetic flux to the uniform width
region R1 which includes the front end portion 10A and is
a main portion emitting the magnetic flux, so recording can
be stably performed in the main magnetic pole layer 10 by
the sufficient and smooth flow of the magnetic flux.

[0102] Thirdly, refer to FIGS. 10A, 10B, 11A, 11B, 14
and 185, the auxiliary magnetic pole layer 8 is formed so that
a region except for a region adjacent to the main magnetic
pole layer 10 in the auxiliary magnetic pole layer 8 is
selectively removed, that is, the auxiliary magnetic pole
layer 8 is formed so as to include the adjacent portion 8A
which is disposed adjacent to the main magnetic pole layer
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10 and has the thickness T1 and the nonadjacent portion 8B
which does not disposed adjacent to the main magnetic pole
layer 10 and has the thickness T2 smaller than the thickness
T1, so compared to the case where the auxiliary magnetic
pole layer 8 is formed so as to have the thickness T1 as a
whole, information recorded on the recording medium can
be prevented from being erased without intention due to the
magnetic flux contained in the auxiliary magnetic pole layer
8. It is because the nonadjacent portion 8B which contains
a smaller amount of the magnetic flux on the basis of the
thickness T2 smaller than the thickness T1 is disposed on the
both sides of a front part of the adjacent portion 8A which
contains a larger amount of the magnetic flux on the basis of
the thickness T1, so the amount of the magnetic flux
contained in the nonadjacent portion 8B can be reduced
intentionally. In this case, in particular, the amount of the
magnetic flux emitted from the auxiliary magnetic pole layer
8 (the nonadjacent portion 8B) which is not a portion
originally emitting the magnetic flux in the magnetic pole
layer 20 without intention can be reduced, so information
recorded on the recording medium can be stably maintained
by a reduction in the amount of the magnetic flux emitted
without intention.

[0103] The above third point (preventing information
erasing without intention) will be described in more detail
below. For example, as shown in FIG. 16 corresponding to
FIG. 4, in a comparative example in which an auxiliary
magnetic pole layer 108 is formed so as to have the thickness
T1 as a whole, the auxiliary magnetic pole layer 108
contains an excessive amount of the magnetic flux on the
basis of the thickness T1, that is, the amount of a leakage
magnetic flux J (a leakage magnetic field) emitted from the
auxiliary magnetic pole layer 108 without intention becomes
too large, so information recorded on the recording medium
is easily erased without intention due to the leakage mag-
netic flux J. On the other hand, as shown in FIG. 4, in the
embodiment in which the auxiliary magnetic pole layer 8 is
formed so as to include the adjacent portion 8A with the
thickness T1 and the nonadjacent portion 8B with the
thickness T2 smaller than the thickness T1, the amount of
the magnetic flux contained in the auxiliary magnetic pole
layer 8 becomes appropriate on the basis of a difference
between the thicknesses T1 and T2, that is, the amount of the
leakage magnetic flux J emitted from the auxiliary magnetic
pole layer 8 without intention is reduced intentionally, so
information recorded on the recording medium is not easily
erased without intention due to the leakage magnetic flux J.

[0104] As described above, in the embodiment, sufficient
advantages on three points of controlling the recording track
width with high precision by the high precision formation of
the main magnetic pole layer 10, stable recording by an
increase in the amount of the magnetic flux contained in the
main magnetic pole layer 10 and stable information main-
tenance by the prevention of information erasing without
intention, so the thin film magnetic head with as high
performance as possible can be manufactured.

[0105] Moreover, the thin film magnetic head according to
the embodiment is manufactured through the method of
manufacturing the thin film magnetic head according to the
embodiment, so advantages on the above three points can be
obtained. Therefore, the thin film magnetic head can achieve
as high performance as possible.
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[0106] Further, in the embodiment, a relationship of
0.40<FH(FH+NH)<0.84 between the neck height NH, that
is, a distance between the air bearing surface 40 and the first
flare point FP1, and the flare height FH, that is, a distance
between the first flare point FP1 and the second flare point
FP2 is established, so in terms of securing the perpendicular
magnetic field strength and the forming precision of the
front end portion 10A, the neck height NH and the flare
height FH become appropriate. Therefore, while the neck
height NH and the flare height FH are freely set, the
recording magnetic field strength and the forming precision
of the front end portion 10A can be secured. In this case, in
particular, when the neck height NH is set to 0.15 um, the
recording magnetic field strength and the forming precision
of the front end portion 10A can be secured through setting
the flare height FH within a range of 0.1 um<FH<0.8 yum.

[0107] In the embodiment, as shown in FIGS. 9A, 9B,
10A and 10B, the main magnetic pole layer 10 is formed
through growing a plating film through the use of the
photoresist pattern 52; however, it is not necessarily limited
to this case, and, for example, the main magnetic pole layer
10 may be formed through etching instead of plating. More
specifically, for example, as shown in FIGS. 17A and 17B,
for example, a film made of the material of the main
magnetic pole layer 10 is formed through sputtering to form
a magnetic material layer 53, and then after a mask 54
having a pattern shape corresponding to the planar shape of
the main magnetic pole layer 10 is formed on the magnetic
material layer 53 through pattern-forming alumina, as
shown in FIGS. 18A and 18B, the main magnetic pole layer
10 may be formed through etching and patterning the
magnetic material layer 53 through the mask 54 by, for
example, ion milling or reactive ion etching (RIE). In this
case, as described above referring to FIGS. 10A, 10B and 14
in the above embodiment, the precursor magnetic pole layer
8Z and the insulating layer 9 are slightly removed by the
effect of etching, so the precursor magnetic pole layer 8Z
and the insulating layer 9 are inclined downward with an
increase in the distance from the front end portion 10A. For
reference, when the magnetic material layer 53 is etched, the
mask 54 is etched together with the magnetic material layer
53 so that the mask 54 is reduced. However, for example, at
the time when patterning of the magnetic material layer 53
is completed (at the time when the main magnetic pole layer
10 is completed), the mask 54 may be left, or may be
removed (refer to FIGS. 18A and 18B). In this case, the
main magnetic pole layer 10 can be formed so as to have a
desired pattern shape, so the same effects as those in the
embodiment can be obtained.

[0108] Moreover, in the embodiment, as shown in FIG. 3,
the exposed surface M2 of the main magnetic pole layer 10
has a symmetrical inverted trapezoidal shape, but it is not
necessarily limited to this case, and the planar shape of the
exposed surface M2 can be freely modified.

[0109] Further, in the embodiment, as shown in FIGS.
10A, 10B, 11A and 11B, the precursor magnetic pole layer
8Z is partially etched through the use of the main magnetic
pole layer 10 as a mask to be slightly removed, thereby as
shown in FIG. 3, the auxiliary magnetic pole layer 8 is
formed so as to include the adjacent portion 8A (with the
thickness T1) and the nonadjacent portion 8B (with the
thickness T2) which have different thicknesses from each
other; however, it is not necessarily limited to this case. For
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example, as shown in FIG. 19, the precursor magnetic pole
layer 8Z may be used as the auxiliary magnetic pole layer 8
without slightly removing the precursor magnetic pole layer
8Z. Characteristics relating the structure of the thin film
magnetic head shown in FIG. 19 except for the above-
described characteristic are the same as those in the case
shown in FIG. 3.

[0110] Up to this point, the descriptions of the thin film
magnetic head and the method of manufacturing the thin
film magnetic head according to the embodiment of the
invention are concluded.

[0111] Next, referring to FIGS. 20 and 21, the structure of
a magnetic recording apparatus comprising the thin film
magnetic head according to the invention will be described
below. FIG. 20 shows a cutaway outline view of the
magnetic recording apparatus, and FIG. 21 shows an
enlarged outline view of a main part of the magnetic
recording apparatus. The magnetic recording apparatus
comprises the thin film magnetic head according to the
above embodiment. The magnetic recording apparatus is, for
example, a hard disk drive.

[0112] As shown in FIG. 20, the magnetic recording
apparatus comprises a plurality of magnetic disks (hard
disks) 201 as recording media on which information is
recorded, and a plurality of arms 202 each of which is
disposed so as to correspond to each magnetic disk 201 and
has a head slider 210 on an end of the arm 202 in an
enclosure 200. The magnetic disks 201 are rotatable about a
spindle motor 203 fixed on the enclosure 200 as a center. The
arms 202 are connected to a driving portion 204 as a power
source, and are pivotable about a fixed shaft 205 fixed on the
enclosure 200 as a center through a bearing 206. The driving
portion 204 includes, for example, a driving source such as
a voice coil motor. FIG. 20 shows, for example, a model in
which the plurality of arms 202 integrally pivot about the
fixed shaft 205 as a center.

[0113] As shown in FIG. 21, the head slider 210 has a
structure in which a perpendicular recording system thin
film magnetic head 212 is disposed on a side surface
perpendicular to an air bearing surface 220 (a surface on a
right front side in FIG. 21) of a substantially-rectangular-
shaped substrate 211 having an uneven surface (the air
bearing surface 220) so as to reduce air resistance while the
arms 202 pivot. The thin film magnetic head 212 has, for
example, the structure described in the above embodiment.
In order to easily show a structure of the head slider 210
viewed from a side closer to the air bearing surface 220,
FIG. 21 shows the head slider 210 turned upside down from
a state of FIG. 20.

[0114] The structure of the thin film magnetic head 212
has already described in detail in the above embodiment, and
will not be further described.

[0115] In the magnetic recording apparatus, the arm 202
pivots during recording information so that the head slider
210 moves to a predetermined region (recording region) of
the magnetic disk 201. Then, when the thin film magnetic
head 212 is electrically conducted in a state of facing the
magnetic disk 201, the thin film magnetic head 212 acts as
described in the embodiment so as to magnetically record
the information on the magnetic disk 201.

[0116] As the magnetic recording apparatus comprises the
thin film magnetic head 212 according to the invention, the
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magnetic recording apparatus comprising the thin film mag-
netic head can achieve as high performance as possible.

[0117] Structures, actions, functions, effects and modifi-
cations regarding the thin film magnetic head 212 mounted
in the magnetic recording apparatus are equivalent to those
in the embodiment, so they will not be further described.

EXAMPLE

[0118] Next, an example of the invention will be described
below.

[0119] When various characteristics of the thin film mag-
netic head described in the above embodiment (refer to
FIGS. 1A and 1B through 4; hereinafter simply referred to
as “the thin film magnetic head of the invention™) in the case
where the thin film magnetic head is mounted in the mag-
netic recording apparatus (refer to FIGS. 20 and 21) to
perform recording were examined, the following results
were obtained.

[0120] At first, when a correlation between the structure of
the auxiliary magnetic pole layer and erasing of information
recorded on the recording medium without intention was
examined, the result shown in FIG. 22 was obtained. FIG.
22 shows a distribution of perpendicular magnetic field
strength, and in FIG. 22, the horizontal axis indicates a
recording position P, that is, a position on a track width
direction when the position of the main magnetic pole layer
is a reference, and the vertical axis indicates a perpendicular
magnetic field strength H (10%/(4 w)A/m). When the corre-
lation between the structure of the auxiliary magnetic pole
layer and erasing of information recorded on the recording
medium without intention in the thin film magnetic head of
the invention was examined, the same correlation in the thin
film magnetic head of the comparative example shown in
FIG. 16 was examined so that the performance of the thin
film magnetic head of the invention was evaluated in com-
parison. In FIG. 22, “22A (a solid line)” indicates the result
of the thin film magnetic head of the invention (refer to FIG.
4), and “22B (a broken line)” indicates the result of the thin
film magnetic head of the comparative example (refer to
FIG. 16). As a structural condition of the thin film magnetic
head of the invention, the depth of the auxiliary magnetic
pole layer, that is, a difference between the thickness of the
adjacent portion and the thickness of the nonadjacent portion
which constituted the auxiliary magnetic pole layer was 0.1

Hm.

[0121] Tt was obvious from the results shown in FIG. 22
that in both cases of the invention (22A) in which the
auxiliary magnetic pole layer is formed so as to include the
adjacent portion and the nonadjacent portion having differ-
ent thicknesses and the comparative example (22B) in which
the auxiliary magnetic pole layer is formed so as to have a
uniform thickness as a whole, the perpendicular magnetic
field strength H was distributed so as to reach the maximum
(peak) in a recording position P (a recording position P1
corresponding to the position of the main magnetic pole
layer) corresponding to a track to be recorded on the
recording medium, and to be gradually reduced in a record-
ing position P (a recording position P2 shifted from the
position of the main magnetic pole layer in the track width
direction) corresponding to an adjacent track. However,
when the perpendicular magnetic field strengths H between
the invention and the comparative example were compared,
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the perpendicular magnetic field strengths H were equivalent
to each other in the recording position P1 corresponding to
the track to be recorded, but the perpendicular magnetic field
strength H in the invention was smaller than that in the
comparative example in the recording position P2 corre-
sponding to the adjacent track. Therefore, it was confirmed
that in the thin film magnetic head of the invention, as the
auxiliary magnetic pole layer was formed so as to include
the adjacent portion and the nonadjacent portion having
different thicknesses, the amount of the magnetic flux emit-
ted from the auxiliary magnetic pole layer without intention
in a recording region corresponding to the adjacent track (an
unnecessary perpendicular magnetic field strength) was
reduced, thereby information recorded on the recording
medium was not easily erased without intention.

[0122] Next, when a correlation between the flare height
and the recording characteristics or the processing charac-
teristics of the main magnetic pole layer was examined, the
results shown in FIGS. 23 and 24 were obtained. FIG. 23
shows dependence of perpendicular magnetic field strength
on a flare height, and the horizontal axis indicates the flare
height FH (um) and the vertical axis indicates the perpen-
dicular magnetic field strength H (10°/(4 w)A/m). FIG. 24
shows dependence of the forming precision of a main
magnetic pole layer on a flare height, the horizontal axis
indicates the flare height FH (um) and the vertical axis
indicates a standard deviation o (um) of the width of the
front end portion in the main magnetic pole layer. As
structural conditions of the thin film magnetic head of the
invention, a target width of the front end portion in the main
magnetic pole layer was 0.16 um; the depth of the auxiliary
magnetic pole layer was 0.1 um; and the neck height NH was
0.15 m.

[0123] It was obvious from the result shown in FIG. 23
that the perpendicular magnetic field strength H gradually
decreased as the flare height FH increased. On the basis of
the result shown in FIG. 23, it was found out that when the
perpendicular magnetic field strength H larger than 900x
10°/(4 m)A/m (H>9000x10°(4 w)A/m) was required to stably
perform recording through the use of the thin film magnetic
head, the flare height FH which satisfied the condition was
within a range of smaller than 0.8 gm (FH<0.8 ym). More-
over, it was obvious form the result shown in FIG. 24 that
the standard deviation o of the width of the front end portion
was pronouncedly reduced as the flare height FH increased.
On the basis of the result shown in FIG. 24, it was found out
that when the standard deviation a smaller than 0.015 um
(0<0.015 um) was required as the forming precision of the
front end portion to stably manufacture the thin film mag-
netic head, the flare height FH which satisfied the condition
was within a range of larger than 0.1 ym (FH>0.1 um).
Therefore, it was confirmed that when the flare height FH
was within a range of larger than 0.1 #m and smaller than 0.8
um (0.1 um<FH<0.8 um), the perpendicular magnetic field
strength and the forming precision of the front end portion
could be secured.

[0124] In particular, in the above description, on the basis
of the results shown in FIGS. 23 and 24, the appropriate
range of the flare height FH (0.1 82 m<FH<0.8 um) in the
case where the neck height NH was 0.15 yum was specified.
Further, when a relational expression was calculated on the
basis of the correlation between the neck height NH and the
flare height FH which were used to specify the above
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appropriate range, it was found out that a relationship of
0.4<FH(FH+NH)<0.84 between the neck height HN and the
flare height FH was established. Therefore, it was confirmed
that when the neck height NH and the flare height FH were
set so as to establish the relational expression of
0.4<FH(FH+NH)<0.84, the perpendicular magnetic field
strength and the forming precision of the front end portion
could be secured while freely setting the neck height NH and
the flare height FH.

[0125] Although the invention is described referring to the
embodiment and the example, the invention is not limited to
the embodiment and the example, and can be variously
modified. More specifically, for example, in the above
embodiment and the above example, the case where the
invention is applied to a shield type head is described;
however, it is not necessarily limited to this case, and the
invention may be applied to a single-pole type head. More-
over, in the embodiment and the example, the case where the
invention is applied to the composite thin film magnetic
head is described; however, it is not necessarily limited to
this case, and the invention can be applied to, for example,
a thin film magnetic head for recording only comprising an
inductive magnetic transducer for writing or a thin film
magnetic head having an inductive magnetic transducer for
recording/reproducing. In addition, the invention is appli-
cable to a thin film magnetic head with a structure in which
a device for writing and a device for reproducing are
inversely laminated.

[0126] Moreover, in the embodiment and the example, the
case where the invention is applied to the perpendicular
recording system thin film magnetic head is described;
however, it is not necessarily limited to this case, and the
invention can be applied to a longitudinal recording system
thin film magnetic head.

[0127] The thin film magnetic head, the method of manu-
facturing the thin film magnetic head and the magnetic
recording apparatus according to the invention can be
applied to, for example, a hard disk drive in which infor-
mation is magnetically recorded on a hard disk.

[0128] Obviously many modifications and variations of
the present invention are possible in the light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims the invention may be practiced
otherwise than as specifically described.

What is claimed is:
1. A thin film magnetic head, comprising:

a thin film coil generating a magnetic flux; and

a magnetic pole layer extending from a recording-me-
dium-facing surface facing a recording medium mov-
ing to a medium travel direction to the rear, emitting the
magnetic flux generated in the thin film coil to the
recording medium, and having a planar shape which
includes a uniform width region determining the
recording track width of the recording medium and
having a uniform width and a widening region having
a width larger than that of the uniform width region,

wherein the magnetic pole layer has a laminate structure
in which an auxiliary magnetic pole layer extending
from a first widening position where the width of the
magnetic pole layer expands from the uniform width
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region to the widening region to the rear, and deter-
mining a planar shape of the widening region, and a
main magnetic pole layer extending from the record-
ing-medium-facing surface to the rear on the medium
travel direction of the auxiliary magnetic pole layer,
including a first magnetic pole layer portion extending
from the recording-medium-facing surface to the rear
through the first widening position and a second mag-
netic pole layer portion having a width larger than that
of the first magnetic pole layer portion in order from the
recording-medium-facing surface, and determining a
planar shape of the uniform width region are laminated
in this order.

2. A thin film magnetic head according to claim 1, further
comprising:

an insulating layer disposed the auxiliary magnetic pole
layer,

wherein a flat surface includes an end surface of the
auxiliary magnetic pole layer on the medium travel
direction and an end surface of the insulating layer on
the medium travel direction, and the main magnetic
pole layer is disposed adjacent to the flat surface.

3. Athin film magnetic head according to claim 1, wherein

a relationship of 0.40<FH/(FH+NH)<0.84 is established
between a distance FH (um) between the first widening
position and a second widening position where the
width of the main magnetic pole layer expands from the
first magnetic pole layer portion to the second magnetic
pole layer portion and a distance NH (um) between the
recording-medium-facing surface and the first widen-
ing position.

4. A thin film magnetic head according to claim 3, wherein

the distance FH (um) is within a range of larger than 0.1
um and smaller than 0.8 um.

5. A thin film magnetic head according to claim 1, wherein
the auxiliary magnetic pole layer includes:

a third magnetic pole layer portion being disposed adja-
cent to the main magnetic pole layer and having a first
thickness; and

a fourth magnetic pole layer portion being disposed
nonadjacent to the main magnetic pole layer and having
a second thickness smaller than the first thickness.

6. A thin film magnetic head according to claim 1, wherein

the magnetic pole layer emits a magnetic flux for mag-
netizing the recording medium to a direction perpen-
dicular to a surface thereof.

7. A method of manufacturing a thin film magnetic head,
the thin film magnetic head comprising: a thin film coil
generating a magnetic flux; and a magnetic pole layer
extending from a recording-medium-facing surface facing a
recording medium moving to a medium travel direction to
the rear, emitting the magnetic flux generated in the thin film
coil to the recording medium, and having a planar shape
which includes a uniform width region determining the
recording track width of the recording medium and having
a uniform width and a widening region having a width larger
than that of the uniform width region,
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wherein a step of forming the magnetic pole layer com-
prises:

a first step of pattern-forming an auxiliary magnetic pole
layer determining a planar shape of the widening region
so0 as to extend from a first widening position where the
width of the magnetic pole layer expands from the
uniform width region to the widening region to the rear;
and

a second step of pattern-forming a main magnetic pole
layer determining a planar shape of the uniform width
region so as to extend from the recording-medium-
facing surface to the rear on the medium travel direc-
tion of the auxiliary magnetic pole layer and include a
first magnetic pole layer portion extending from the
recording-medium-facing surface to the rear through
the first widening position and a second magnetic pole
layer portion having a width larger than that of the first
magnetic pole layer portion in order from the record-
ing-medium-facing surface, thereby forming the mag-
netic pole layer so as to have a laminate structure in
which the auxiliary magnetic pole layer and the main
magnetic pole layer are laminated in this order.

8. A method of manufacturing a thin film magnetic head

according to claim 7, wherein

in the second step, the main magnetic pole layer is formed
through growing a plating film.
9. A method of manufacturing a thin film magnetic head
according to claim 7, wherein

in the second step, after a magnetic material layer is
formed, the magnetic material layer is etched and
patterned to form the main magnetic pole layer.
10. A method of manufacturing a thin film magnetic head
according to claim 7, wherein

a third step of forming an insulating layer so that the
auxiliary magnetic pole layer and its surroundings are
covered with the insulating layer; and a fourth step of
forming a flat surface through polishing the auxiliary
magnetic pole layer and the insulating layer so as to
include an end surface of the auxiliary magnetic pole
layer on the medium travel direction and an end surface
of the insulating layer on the medium travel direction
are included between the first step and the second step,
and

in the second step, the main magnetic pole layer is formed
on the flat surface.
11. A method of manufacturing a thin film magnetic head
according to claim 7, wherein

a relationship of 0.40<FH/(FH+NH)<0.84 is established
between a distance FH (um) between the first widening
position and a second widening position where the
width of the main magnetic pole layer expands from the
first magnetic pole layer portion to the second magnetic
pole layer portion and a distance NH (um) between the
recording-medium-facing surface and the first widen-
ing position.

12. A method of manufacturing a thin film magnetic head

according to claim 11, wherein

the distance FH (um) is within a range of larger than 0.1
um and smaller than 0.8 um.
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13. A method of manufacturing a thin film magnetic head
according to claim 7, wherein

in the first step, the auxiliary magnetic pole layer is
formed so as to include a third magnetic pole layer
portion being disposed adjacent to the main magnetic
pole layer and having a first thickness and a fourth
magnetic pole layer portion being disposed nonadja-
cent to the main magnetic pole layer and having a
second thickness smaller than the first thickness.

14. A method of manufacturing a thin film magnetic head

according to claim 13, wherein

the first step includes:

a step of pattern-forming a precursor magnetic pole layer
for forming the auxiliary magnetic pole layer so as to
have the first thickness as a whole;

a step of forming the main magnetic pole layer on the
precursor magnetic pole layer; and

a step of forming the auxiliary magnetic pole layer
through selectively etching and removing the precursor
magnetic pole layer through the use of the main mag-
netic pole layer as a mask.

15. A method of manufacturing a thin film magnetic head

according to claim 7, wherein

the magnetic pole layer is formed so as to emit a magnetic
flux for magnetizing the recording medium in a direc-
tion perpendicular to a surface thereof.

16. A magnetic recording apparatus, comprising:

a recording medium moving in a medium travel direction;
and

a thin film magnetic head performing magnetic processing
on the recording medium,

wherein the thin film magnetic head comprises:
a thin film coil generating a magnetic flux; and

a magnetic pole layer extending from a recording-me-
dium-facing surface facing a recording medium mov-
ing to a medium travel direction to the rear, emitting the
magnetic flux generated in the thin film coil to the
recording medium, and having a planar shape which
includes a uniform width region determining the
recording track width of the recording medium and
having a uniform width and a widening region having
a width larger than that of the uniform width region,
and

the magnetic pole layer has a laminate structure in which
an auxiliary magnetic pole layer extending from a first
widening position where the width of the magnetic pole
layer expands from the uniform width region to the
widening region to the rear, and determining a planar
shape of the widening region, and a main magnetic pole
layer extending from the recording-medium-facing sur-
face to the rear on the medium travel direction of the
auxiliary magnetic pole layer, including a first magnetic
pole layer portion extending from the recording-me-
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dium-facing surface to the rear through the first wid- facing surface, and determining a planar shape of the
ening position and a second magnetic pole layer portion uniform width region are laminated in this order.
having a width larger than that of the first magnetic pole

layer portion in order from the recording-medium- L



